Week #3 


Transfer Function | OR Y 


1- Modeling Electrical Networks 
- Electrical elements: resistors, capacitors, inductors, amplifiers 


- Combining electrical elements: networks 
- Transfer functions of electrical elements = output/ input. 
Models of electrical elements:- 


Resistance Inductance Capacitance 


i(t) | i(t) i(t) 


v(t) $5 ve (p vel Kë | 


v(t) = Rift) v(t) = Léo EE CZ) 





KEE Econo Feos 
V Vsy os " 
my- e 7C5) = 8h Ty = ze 
- | l(s) Vis) 
Z(s): V(s)-Z(s)s) ーー トーー 


Element ` Time domain. Impedance Ziel 


Resistance v(t) = Fü(t) Te =|F | 


Inductance u(t) = Kë) | AS = = sLi 


Capacitance i(t) = oft} te) - 
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Modeling Example 


Hi 


in v2(t) Output 


C 


Input vtl 





a Kirchhoff voltage law (with zero initial conditions) 


vit) = (Rit R2)i(2) 十 あ 5%(7)9d7 
vo(£) = Rlt) +A fýilr)dr 

" By Laplace transform, 
Vi(s) = (Ri 十 Ro)I(s) + I($) 
Vo(s) = Rol(s) + @l(s) 


a transfer function 





_ Vos) _ Rig 
Gecke Vs — (nLRaltze 


. RoCst1 
(Ry -R5)Cs-1 


(first-order system) 


Ex: Find the transfer function relating voltage , Vc(s), to the input voltage V(s). 


| R 
vio =(R + + lued Zi(s) =R t 
Cs | i 


] C Vy 
| DUM | 
Va(s) "(ho ebe S PE ER 
Cs / | a 





l 
Stat A a Z»(s) d \ 
Den ei. . Zale) 4 als) FOR 4.4. 
Cs 
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MATLAB Code 


Syms s : 
C= e l | 
R k a $ c=l micro farad 
ME r $ R= 2 kils ohm | 

E - r も vi(t) =1 volt(step function) 1--1 
Vi = 1/s ; $ Vi(s) = Lis [IM 


Vc- (1/(R*C*s + 1))*Vvi; 
disp('Vc(s)') 






-— | 
pretty (Vc) La 
vc- 1ap1ace (Vc); Ee ben? 

. disp ('ve(t)') sa EPI P P 
pretty (vc) e RT RR TU Eu B NIAE Y WM NM NM 
ezplot(vc,[O 10]) A UE DE E E 
grid 
MATLAB Code 
c= 1; 

R=2 ; 
num=1 ; 


den= [R*C 1]; 

G= tf(num,den) _ 

step (G) 

grid 

xlabel ('time' 
ylabel(' Amp. of Vc') 





Ex: Find the transfer function relating the capacitor voltage, Vc(s), to the input voltage, Vi(S) 


Summing the voltages around the loop. 





RLC network 
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LU e Ri +e [ : (ddr = vir 


Taking the Laplace transform assuming zero initial conditions, rearranging terms, and 
simplifying yields 


LS I(s) + R.I(s)«I(s/ SC =V(s). 
Input : V(s) 


l yields 
Output : Vc(s) = I(s) .Ze(s) = I(s).(1/sc) ENDE. I(s) = sc Vc(s) 


(LCs? + ROS + 1)Ve(s) = V(s) 
Solving for the transfer function, Vc(s)/V(s), we obtain 
Vels) _ ye 


V(s) ` LË 1 
pee 








Vets). « 1 
V(s) | S?LC*SCR41 





Another solution using voltage division and the transformed circuit. 


Vc(s) =I(s) . Zc(s) 





V(s 1 yields V(s yields yc(s 1 
Ves) =t T ve) serie vo Suc 
SLR Sc S~LC+SCR+1 V(s) S“LC+SCR+1 


Complex Circuits via Mesh Analysis ` 


To solve complex electrical networks-those with multiple loops and nodes-using mesh 
analysis, we can perform the following steps: 

]. Replace passive element values with their impedances. 

2. Replace al! sources and time variables. with their Laplace transform. 

3. Assume a transform current and a current direction in each mesh. 

4. Write Kirchhoffs voltage law around each mesh. 

5. Solve the simultaneous equations for the output. 

6. Form the transfer function. 


00 EDENDUM ERU SUE UDIN A RC T C M C RS S M M P ——Á——ÁÀ—Ó—À————À—UÜÁr"S))!et 
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Ex. Find the transfer function, G(s) = I,(s) /V(s),for the following network. 


v) 





The first step in the solution is to convert the network into Laplace transforms for impedances 
and circuit variables, assuming zero initial conditions. 


Ri Viis) R2 Yetis} 





| + 
Vis) 


Around Mesh 1, where Liz) flows, 


Rili(s) + Label — LsDo(s) = V (s) 
Around Mesh 2, where I,(s) flows, 


LsIo(s) + RI2{s) + ahs) — Lsli(s) = 0 


Combining terms of two equations, 


(Ry + Ls)li(s) — LsI2(s) = Y (s) 


— LsIy(s) + Lan Rs r520 =0 





We can use Cramer's rule (or any other method for solving simultaneous equations) to solve 
the equations for L(s). 


(Rı+ Ls) Vis) 
—Ls 0 


A 
a a 
—— 








(R; + Ls) —Ls 


V š 
h(s) — EF 





where A= aaa (1s me x \ 
| \ $7 d 


Forming the trausfer function, G(s), yields 


| Vis) ^ (Ry + Ro)LCs* + (R;E3C  L)s + Ry 
| 
i E^ . Fall2012 
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~ 


WW P d. b , 
ーー“ ーー > Ae) C oh ZA 


very 





Writing mesh equations (st+1)I,(s) — D(s) = Vi(s) 
-(s) + (st+2)Ih(s) = 0 
But, (s) = (s+2)h(s). Substituting this in the first equation yields, 


(s 1)(s-2)b(s) — (s) = Vi(s) 
Or 
L(sVVi;(s) = 1/(s° + 3s + 1) 


But, Vi (s) = ste), Therefore. Vi (s)/Vi(s) = site" + Ken 


MATLAB Code 


ciec 

syms s V 

ael stl SS së OI: 

b=[ sti -1 ; -1 st2]; V 
T2= det(a)/det (b); I? [sj =<. -——————-—---— 
disp('I2(s)') | - 

pretty (12) に 
L=1 ; を L=1 H 

Vo = I2*s*L ; $ VO=VL= sL*I2 -s*I2 | E 
G=Vo/V;; Biel! "genauen 
sprintf ('\n') EE EE 2 
disp('Gís) = ') i m TL 
pretty (G) 
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Ex. Find the transfer function relating the inductor voltage, V; (s), to the input voltage, Vi(s) 


2 
(2 + つ 7(⑨-(+ つ な 9= V(s) 2. iF 


AMIE 


` ES 
ed 11 (t) in(t 






-ü vue HQ +2s)I,(s) 20 





"al M 
Solvi ; ; | p V (s)s 
"zt — hO-perp eo | as 43541 
e ー S Aë 
S , $ 
Sécl - Ze baer! 
S S 
Vis _ BS) 22 
Therefore, VG) ^? V) 4s2+3s+1 


Ex. for the circuit shown below write the trauster function G(s) = V (s)/I(s) 











Vis UO YO) 


: I(s) = 


| 1 
| fe . e 
ek E E o E 
Is) = Vis) CT": PS [3 erg 
Ty sL'R 
/sC 


aeneae ee $57 
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Operation Amplifiers 


Non-Inverting input 


+ e— 
vi(t) -— 
V 


l : Volt) — 


Inverting input 


See 





A general op-amp model is described above. In practice, the input resistance, Ri, is very large 
(> 10? ohm ), and the gain, A, is very large (> 10° ). Thus, we will use the ideal model in the 
analysis: 

1. Input current Ii(t) = 0 (due to the large input impedance) 

2. Input voltage difference vi (t) = 0. 


An operation amplifier has the following characteristics: 
1. Differential input, v2(t)-v1(t) 

2. High input impedance, Zi = oo (ideal) 

3. Low output impedance, Zo = 0 (ideal) 

4. High constant gain amplification, A= oo (ideal) 


The output, vo(t), is givenby ` vo(t) = A( v2(t) — vl(t)) 





Ex Find vo(t) / vi(t) 





e , MN "WS 
U a” Ar S X p^ 
2 Bun ai. 
Ox. MD UP 
A Xe 計 | 
La . 


jy ý 


Based on the ideal op-amp model, 


v(t) = vi(t) 


; ys 
Also, as the op-amp does not have any input current, appiying KCL at the inverting 
port, we have | 
V2(t)/Ra= (Vo(t)-v2(t))/Rp 
Vo(t)/v2(t) = 1+R/R, 
w(D/v(t) = (RAR, —» Ve) = Raakh 
ML Me) R 

This circuit is called Non-Inverting Amplifier. 7 
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Inverting Operational amplifiers 





I402-0 (1=-D2) 


Vi-V1= Vi- 0 


I 


Vo- V1 = Vo- 0 


Combining, we obtain , 





‘The ideal op-amt Ry 





Noninverting Operational Amplifiers 


Zei 


NAA, 





But, using voltage division, 


ar s Ey. た ね 
Vi(s) = SE Vo DH i (b) 


Substituting eq(b) in eq(a) 
VO(s) A 
ーー a ーーー ラテ ーー or EE A 
AZ1(s) 2 
We Leute Z2) 





Vols) _ Z1(S)+Z2(s) 
Vi(s) Z1(s) 
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V2(s) -1 YESI oni 


Vi(s) RCs V (s) 














V.(s) B TR Cis T 1) (R;C;s ig 1) 


Vas) ` R(R Cs + 1) : 
Vis) ` Ry ViS) - — Ry-Cos 








Es) _ R4 R2 
G(s) = Eds} Rs Ri 
G(s) — Bai ーー R4 l 


8 Es) R3 Ri Cas 











Ed) _ R4 が っ A 
G(s} = Ei _ R; Ri (Ry Cys 1) 
ee 
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se TER TES — 
LP o ds n $ aka e Tä p BE 3 he 
vt fete bc PRI + "IER ne & て > ei 
EE Ree Ve E ER, 
e ums " z Mer IR SA E £L 


REE has tse rid 
n ^ DaS TAA a 
^ Tou A 1 bs A LE 

る EE, 


NEE d 
y rA 
ras Ké A" TA 


a fA ach = 
c b ACE pr ue KE: 
A e EAR Co 


ix. Find the transfer function, G(s) =V0(s)/Vi(s) for each of the operational amplifiers circuits 
shown in figure below. 


12 y et 


- 10° 
AS) = 5x10° 4 — 
6 


_。 10 
る (⑮=10+ー 


100 KO 


A. 


vt 


Therefore. 





Ae — ` e mm ` P 























+ 
100 kO Zu (s) E 100000 エ ーーーー = 100000 st 10 
| 1x10 s S 
Zt dei vc S520 
3 Z5 (s) = 100060+-——1 = 160000 = 2 
| o ul lx10 s+ zeg e 
NI Vi IT Therefore, 
OOk EF 
Es 3 
G (s) —  — s 20s 
SS Zu (s+10) 
WC Z1 (s) = 200000 エ ーー ユーー 
1x107° S 
Zz (s) = 100000 1 
1x1079 S 
Therefore, 
s+ 20 
G(s) = Ke =3ー 3. 
2 st5 


トト KERR 
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ircui in Fi bellow. 
Ex. Obtain the transfer function Eo(s)/Ei(s ) of the op-amp circuit shown in Figure 


^o^ ーーーーー ーー — —— ーー 





4 - Co 3 ` ^ Cu 
The voltage at point A is CA z ( : E 2» Ê ylw 
\ 


1 
e4 = 5 (4 eo) + e -— i(€r-e 2€. 


The Laplace transform of this last equation is 
| 1 
Ej(s) = z LEAs) + E,(s)] 
The voltage at point B is 


1 


Ce u 1 
1 n Gst l 
R, + Er ens 
Cs 


Since [Ep(s)- EA (s) ] A =E。(s) and A >>1, we must have EA(s) Ep(s) Thus 


E,(s) = Eis 





1 1 . 
5 (Els) + E(s)) ニテ ーー EG) 
| eT ; 
E(s) | RCs-1  " RC 
E() Rari  ., 1 
TRC 
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— — — M  — ーー ーー - a 


nena, aaa - 
^ 


T 
watts 
` 


Modeling Mechanical System 


ey a "a are important in control engineering because a mechanical system may 
pid Pn ae arm, a missile, or any other system which incorporates a mechanical 
cibo nical systems can be divided into two categories: translational systems and 

ional systems. Some systems may be either purely translational or purely rotational, whereas 
otners may be hybrid, incorporating beth translational and rotational components. 


Modeling mechanical elements by ordinary differential equations ( ODEs). 


『 
O -Translation F. Ge 
* mass, damper, spring oP 
— Rotation Fi - 
a inertia, retary damper, rotary spring, gear 2,2! 


age 


rad 
Translational Mechanical Systems 


The basic building blocks of translational mechanical systems are mass, spring, and damper. The 
input to a translational mechanical system may be a force F and the output the displacement x. 


Spring : For a linear spring, the extension x is proportional to the applied force F as given in equation 
SESS Wy ` ` | F-K e X ' 


K = N/m (Newtens/meter) 





where k is known as the siiffness constant. 


Damper : damper element is a form of damping arid cari be considered to be-represented by a piston 
moving in a viscous medium in a cylinder. As the piston moves the liquid passes through the edges of 
the piston, damping the movement of the piston. The force F which moves the piston is proportional to 
the velocity. of the piston movement and is given by - 」 


Li F=fo 


«where fv is known as the coefficient of viscous friction. fv = N-s/m (Newtons-second/meter) 





Mass: When a force is applied to a mass, the relationship between the force F and the acceleration 
of the mass is given by Newton’s second law as F = Ma. Since acceleration is the rate of change of 
velocity and the velocity is the rate of change of displacement, 


d?x 
| F =M—> 
dt? 
Where M: mass (kg) 
| 
| 
| 
し | gz 
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Impecdence 


Force-- displacement Zau(s) = Fs) ZA Lei 








'omponent Force-velocity 
Spnnz 
f(t) = K fiv(r)dr fü = Kx(t) EA 
viscous dam cov t 
5 aamper ti éi give kb utt) 
ーー v 00. dx(f) uu | 
fü) = f v(i} fü =e m xm ーー AD fys 


fi» 
3 : 


fa d 





[some of impedance]X(s) = [ sum ef applied ferce] 





(a) (b) 
Spring- mass-damper system Free- body diagram 
OPE I ai 
M-—5y(0 + b—y(t) 4 ky = z(t) 
dt dt 


en 


Scanned by CamScanner 


Ex) Ûre -mass Sy stem 


Neglect rou cs mal inar On gi "vs La ls ナー の の > 
* オ て - 


dÉ 
| 
-— éi 
{ 


rm |— u Heabel daten 


U= Mx 
Take Lag law イイ の 2 
if i's) — M. sX) 
XE | 1 
uls) Ms 
&) Gef — Mass sys pawn ath friction 





i ューーーー や X 
MX | 
E 
ーー 
We mede A ^em OA pagr onak Tw velocity. 


A Ds gd M Y 
Take Leplaw ANSA POH 
Li(s} - keck: Mig Xs) 
Xs) | 


uls)  Ms*+ bs 
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system with a mass, a spring, 


Ex: The figure below shows a simple mechanical translational yi 
fer function and step responce 


and a damper. A force F is applied to the system. Derive a trans 
for the system. 


xr) 





JA) 


Begin the solution by drawing the free-body diagram shown in Figure below. We assume the 
mass is traveling toward the right. Thus, only the applied force points to the right; all other 
forces impede the motion and act to oppose it. 








>= の 
Ed KX(s) 
A M fo Lëtz 
A ^ 
wes Mute 


di? 


We now write the differential equation of motion using Newton's law to sum to zero all of the 
forces shown on the mass in the figure. 


c^ x(t) 


reit 
a dr Tac P 


+ Kx(t) = fü) 
Taking the Laplace transform, assuming zero initial conditions, 


Ms?X(s) + f,sX (s) + KX(s) = F(s) 


OF 





(Ms? + fps t K)X(x) = Pis 
T zo * | bai | 1 
Gy) = Pis) Me +fys+k ーー Magee 


dë 
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Note: [some of impedance] X(s) = [ sum of applied force] 


(Ms? fs K)X(s) = Fis) 














Als 
G(s} = Pa PE, 
l ris) Mise + fs + 
% Force is increased in unit step 5 Rem 
M=1.0; も kg 
fv-0.1; 
K-0.1; " 
Num = [1]; ke gn Se 
Den=[M fv K]; $t 
Step (Num, Den) ) 
EX: Find the transfer function, G(s) = X2(s)/F(s) for the translational CR network ` 
shown in Figure below  . Mi Za d/h IA ov d»! 
[1 , 
TES RS] 
Forces on RM, clue Wi Pes en Mi dat 
te mohen ’f D? only de mokiso d. Ma fob MUNDI 
3 Frictionless ) 
gl $ KI bus | A 
( wl K X1G) ( jt- ( 2 
5X4» kä) | 
TA X45) + DS Ks) + K M65) — K X55 = O. 
i (s) — kk * ALS) =O | " 
KXG) K AG) y WW \" $ 403 ak e | 
AaS) = adi GR 
Ma d Këks— F6) M, a 
| ie AUS 4K -K | 
, < : . ーー po K 3 
| Mz S XiG) E TA k Xas) —~K als) = FCS) Gees 


っ うか Kee FO» den 





6*1 
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Two mass- system 
EX: Find the transfer function, G(s) = X2(s)/F(s) for the translational mechanical network 
shown in Figure below 


k- 4 Nim 
To - 1 ‘NS | 


Fos) | Xs) XCS) 
) AG e Mı e KiS) t1, S Xs) 


ead na’ «E —————— wl 
du Out - Aj) = (Xs) - - KUYS 
SH és = B XC 
s Kus) +S( Xs)- Krls)) SH X.(s)) = 上 ⑤) 
( s4s4t) xls) — (S41) XG = FG) 


Kus ! As) 9 
Fuji U^ S gun . » 


S Aus) Xl- X) ($) 4&———— 
S (i9 yr) ra 
S X245) 











_— 


S ut? A- S (ts) - XCS)) A X2f5) - Xs) = y 


( S45 +1) Xs) — (S41) X05) = e 





X。 て <) = に -— 
—(S+)) の 
( ゞ ュ ゞ さっ! リ ) -(S +1) | 
- (s^) (S 4520) 


St 
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X: Find ] : F | 
I ind the transfer function, X2(s)/F(s), for the system of figure below, 


ON 


4 


afi) 
QE 







ZA, 1 "» 6d Se 


M - £I 
( h ms ds ths) 7 - dert de 
If we hold M2 still and Lëtz 
move Mito the right, ん te 
we see the forces as shown | Fi» 

Mis?XVG) 
If we hold M1 still and = KaXx(5) 
move M2 to the right, P 
we see the forces as shown AL 

K+ A 
The total force on M1 is the (Ky + Kits) KX 
superposition, or sum, of the Qu * foa G) Ji) 
forces just discussed. Fis) f, X) 
Mis° KCS) 


For M2, we proceed in a similar fashion: 


K3X3(s) | | (Ko + Kaatz) 
Era K2X)(s) FSX Ms) 
fsX (s) KsX2(3) M2 fe, + fr DXA) 
ef ëtt i Kata 
M35" Xo(s) Mss? Xs) 


The Laplace transform of the equations of motion can now be written from Figures 
[MAn + ん, が + (Ki + K3)] X15) (fj, T K2)X2(s) = F(s) 
(fus Kays) + (Mas? + (fu. + fds + (Ko + K3)] Xa(s) = 
o Gudde 
TF 


Or 
LI 
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Rotational Mechanical System 


Rotational mechanical systems are handled the same way as trans 
except that torque replaces force and angular displacement rep 
displacement. The mechanical components for rotational systems are 
translational systems, except that the components undergo rotation ins 











lational mechanical systems, 
laces translational ・ 

the same as those for 
tead of translation. 





Torque-angular Torque-angular Impedence 
Component velocity displacement Zu(s) = T(s)/0(s) 
Men 
T(t) OW) アー- 
ゴ Spring le ん の rad 
5 JOUL T(t) = K fo ol(r)dr T(t) = Ke(t) K 
2 ST eg Can Slant 
Viscous "mo Q(t) T 
T(t) = Dot) T =D e Ds 
Coefficient of viscous 
Ka a i ナシ : " 
Inertia do( t) dio (t) E 
t) = J —— SCH 3 
T(t) F^ d zl i? Jg 





J 


EX : Find the transfer function (s)/T(s), 


Sum of 


Moment ef inerka 


for the rotational system shown in Figure below 


impedances Bol " Sum of 
connected 16,(s)— s enn の ( ゞ ) = | applied torques Ti gur 830, 
vi! | amde " E DOSES =f 
i Sumof 
Ban ve impedances Sum of 
i bils) + | connected |82(s) = | applied torques 、 
E | to the motion at の TES) a Or dt 
(Ji? + Dat K)6s(5) — Ks) = T(s) 
—K6(s) + (Fos? + Dos + K)62(s) 2 0 
B,C = "rh bul 
-X の 
TVS +0,5+K -K | 
e RI jas DE AR 
(SA 
ds de 
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N 
sf 
EX: Derive e i : 
| quations of motion for z system and find the transfer function 
Kan oue 
r f f J \ B / / J, l d e 
E d Ex | | | | = 
ANA [PNE i 
A CNN UC NN dl. SA 
/ CG EE ih "a 
も 、 SAN Dr "re e 
e, ` bjm 
Free body diagram at 0, 
There are 4 torques acting: " 
1- The external torque, ta, clockwise. VL 
2-The torque due to K,. “a dé \ 
If 0; increases (counterclockwise), K, causes a clockwise torque on J). 
| The resulting torque is K,-0), clockwise. 8 KS P4 
| 3- The torque due to B,,. 8, = Ae, マギ ーー B, (0, - 9, 
| If 0; increases, the resulting torque on J, is B,;-@, in the clockwise K 8, 
direction. 


If 02 increases, the resulting torque on J; is Bo> in the counterclockwise direction. 

The torque due to B, is thus B,1-(@1-@2), clockwise. 

4- The torque due to J, (don't forget this - the inertial torque!). 

The resulting torque is Jia, clockwise (the inertial torque is always in the opposite direction from the define 
positive direction). 


t, + Jo, +B, (0, —6,) -K,0, = 0 
Jĝ, + B 6: ER = B_6。 =-T, — > © 


There are 3 torques acting: Free body diagram at 0; 


1- The torque due to Bp. 

If 62 increases (counterclockwise), the resulting torque is Bam: ov: | 
clockwise. 2 NB Si 
2- The torque due to B,. / "A 

If 0」 increases, the resulting torque on Jz 15 Boa ou in the 

counterclockwise direction. | Fi 
If 0? increases, the resulting torque on J2 is Bio» in the clockwise 1,6, =J,a; Bis 
direction. 

The torque due to B,; is thus Bo (02-01), clockwise (or B,1°(@1-@2) counterclockwise). 

(Note: this result is trivial because the torque on one end of Brl must be equal and opposite to the torque on 
the other end (calculated for the free body diagram for 6}).) 

3- The torque due to J (the inertial torque). 

The resuiting iurque is Los clockwise. 


B, (0, — @, } 


Ja; + B,.@2 - B,.(o, -6,)-0 
JË, (B, *B,)6,-B,6,-0 一 一 > (の 


T Akewng He LuPlace a P EZE と の ini ka Crh honos; 
! Ch $4 Bi SA Br) — Ee S els) = JA) — & 


d 


ds S 4 Pn うす たく Weg, sre e ei 


ーーーー ーーーーー 





ーー ーー ーーーーーーーーーーー ーー ~ D 
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, j — 
EX: Given two springs with spring constant k1 and k2, obtain the equivalent spring constan 
Keq for the two springs connected in (1) parallel (2) serial. 


kl : $e RÉI -— X2 
NMA —> 
T- pw. NS -— p 
AAA F 
k2 


l- Parallel : The two springs have same displacement, therefore 
kyr + kom = F = Kaaf: Keg er kı 23 ko. "- 


2- Series : The forces on each spring are same, F. However, their displacements are different. 
Let them be x1 and x2. Then, 


kizi em kazz = fr 


ko vd D 


Since the total movement is x = x1 + x2; and we have F = kea X, then we can obtain 





Pr 
keg P ko 

" 1 bb 

It E+E ki + ke 


EX: Given two dampers with damping constant c, and c;, obtain the equivalent damping 
constant c。。 for the two dampers connected in (1) parallel (2) serial.: 


Ef 
| | X De xf Ka 
ec PV ES ien 4 | 
/ ーー トー ーー に に だ J R 
Great, ka F i: ES 34 cl 
eZ | 
(1) in parallel Ceg = C1 Lo (2) in serial ` c。。= C1C2 
Cy + C9 
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Skill-Assessment Exercise 2.8- Nise 


Find the transfer function, G(s) = X2(s)/F(s), for the translational mechanical system 


* Writing the equations of motion, 








(s^ +35 +1)X,(s)—(3s +1)X;,(s) = F(s) 
—(3s +1)X,(s) + (s^ +45 +1)X;,(s) 20 
Solving for X (s), Sie) 


Miss | kg 


(° +3s+1) F(s) fu, 4 ua, 


fw? 1 N-s/m 















xG-- sD 0] HFS) 7» 
U^ is? 43841) Gerti ーー ニー ニー ニー ニュー 
-(3s+1) (s? +45 +1) 
^ Henee, 
X, (s) _ (3s +1) 


F(s) ste + 7s! +5s +1) 


Skill-Assessment Exercise 2.9 - Nise 
Find the transfer function, G(s) = 2(s)/T(s), for the rotational mechanical system 


Writing the equations of motion, 

(s +s +1)0,(s)- (s +1)0,(s) - T (s) 

—(s 4 1)0,(s) +(2s +2)@,(s) = 0 

where 9(5) is the angular displacement of the inertia. 


: 1 N-myrad 03) 
Solving for @,(s). 


(s$? +s+1) T(s) 
-(s +1) 0| _ (s+DEF(s) 
2 よる と) -GbD|D 254352254 
| (stl) (2s+2) 








8,(s) = 





From which, after simplification, 






pe 0 
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Ex. Given the mechanical system 








I pe, Spring 


eaa emm m "an 


B Oa 
| B, (mechanic? 
2 resistance) 


_ Find the transfer function G(s) for the system 

j | こも だ こよ ニニ ニワ コルド ニーバ ンス 

: F(s) — | G(s) | —» X,(s) 
| l —— 7 


LIST THE FORCES ON EACH MASS 








Forces on adj: 


Forces on Ai 





ee ee gue Zi 


te. 


WRITE に に Di に に CNSER ITAL CQUATIONS FOR EACH MASS 


x, —2X)-- (f) 


P Ms" 


MX, ーー ー バ 」 A1 — Bx, + Ks E — X4 ) -+ ap 


MX, = Ky) - Bj, - K(x5 -x)- B, (1, 3) 





ーー ュー ーーーーーー Mor 
ーー ニー ニー TE 1212 D XV ATTI QUI で マニ ニー ニラ ーー ーー ーー マー ーー ーー ニー ここ ーー ニーーーー 
ここ —— ーー ー - ユネ ペー ニー o ーー - に duc wes ーー " 
< 
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CONVERT TO THE S-DOMAIN 


Aë Dis )--KEX, (s)+ K,| X,(s) )- X, nm (s)-- B, | s, Mm (s) |- F(s) 
M5 X, (s) —K, X, (s)- BX (s) "lz (s)- Xy (s) |—B,[ X, (s) - X, (s) ] 
REARRANGE AS SUMS OF THE NET FORCES 

Ms" X (s)+K\X,(s)-K,X, (5) KX, (s) -B,sX, (s) Bak, (s)+ BysX, (s) =F (s) 
CREA KX (s \+ BSX; (s) ef, de (s)- K,X, (s)+ Bjs.Y; (s)— BsX, (s) = 0 
PLACE i MATRIX FORM 

| X, terms: A, terms: 


M, terms: M S^ +K, +B +K, +B 


3 -K; - Bjs X, (s) = F(s) 
M, terms: | E Hes Ms? +K,+B,s+K,+ Bs || Xo (s) 0 


SOLVE FOR 2»(s) 


MN 


J 


Ms 2s K, -i B S+ K Co Wi S . P (s) 














x fos An Sree ーー 395 -Q 
—K,—B,s M, a "+K, TELE Kis +B S 
Y dash. = i (s)|—K; -Bs | 
8 は ニャ ーーー 


ME ] Ms + X, - Bs K, -E,s|-(-K, Belt 


SOLVE FOR Gis) 


G(s)= TH 





K FE 
F(s) Die +K,+Bs+K, "Ac Le +K, +B s+K, +B,s |- (-K, - Bs) 





- = re bt te sen ry LEES 
Fall 2017 
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Hore Work 2 ------------------EE362 
Problem 1 | Gi 
What is the solution of the following differential equation 


2¥+7¥4+3x=0, x(0)=3, 2x(0) =0 
Repeat the solution using MATLAB 


Problem 2 


Obtain the partial-fraction expansion of the following 
function with MATLAB: 


10(s + 2)(s + 4) 
(s 1)(s + 3)(s + 5)? 


Then, obtain the inverse Laplace transform of F(s). 


Problem 3 
Use MATLABand the symbolic Math Toolbox to find the inverse Lablace Transform. 


(s 43s 10)(s-r 5) 
bh Wës (s+ 3}){s + 4}(s* + 25+ 1006) 
b. TD L OCET 


Problem 4 (s+ 8)(s^ +85 + 3)(s* --5s-- 7) 


Fis) = 


Find the transfer function, G(s) = V,(s)/¥;(s), for 
each network (4) 4) 





Problem 5 


Obtain the transfer function E;,(5)/£,(s) of the 
op-amp circuit 





c A 
Cl EN 
ES 
B — 
€; Ry: fe 
R3 
- ES 
SEENEN E EE EE CN NUES 
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sien 6 


Obtain the transfer functions X,(s)/U(s) and 
X,(s)/U(s) of the mechanical system. 





i Xi p x 
/ e, 
—$- — la a 
problem 7 
Consider the electrical circuit-Obtain the transfer function E,(s)/Ei(s) 
Probiem 8 


For each of the rotational mechanical systems (a and b) Find the transfer function 2/T(s) 


C TG) £x) 
3 8 N-m-s/rad ] N-m-s/rad E^ 


iem ` La 
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